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ABSTRACT

The Dominican Republic, a conservation priority area due to high rates of bird endemism and
overwintering Neotropical migrant habitats, is seeing an increase of avocado farms and a subsequent
forest loss. We conducted point-count bird surveys to determine how avian species richness and
diversity differ between avocado farms and intact forest, as well as how vegetation differences between
farms and forests could impact bird use. We found that vegetation structure varied significantly
between farm and forest sites, but that overall bird diversity and migrant diversity did not. However, we
found that endemic bird species showed higher species richness and diversity in intact forest than
avocado farm sites and were also influenced by measured vegetation characteristics, demonstrating the
importance of the protection of native dry forest in the region. We conclude that avocado farms provide
habitat for generalist bird species, some migrant species, and very few endemic species that are forestdependent.
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CHAPTER I
BIRD USE OF AVOCADO FARMS AND INTACT FOREST IN THE DOMINICAN REPUBLIC

I. INTRODUCTION

In the midst of the world’s current extinction crisis, birds are the vertebrate taxa with the
greatest number of species in danger of extinction (Ceballos et al. 2020). Drivers of these population
declines are linked directly to habitat encroachment from conversion to agriculture and development
(BirdLife International 2017, Tilman et al. 2017). Globally, human settlement and agricultural practices
are disproportionally located in areas of high biodiversity (Scharlemann et al. 2004). Bird species in
tropical forests are especially negatively affected by human activity in both human-use areas that retain
natural vegetation and in areas where land has been fully converted (Newbold et al. 2013). The tropics
are home to both the greatest diversity of bird species as well as the highest number of bird species
threatened by extinction (BirdLife International 2017, Sodhi et al. 2011). In addition to affecting yearround resident species, habitat loss in the tropics can also affect Neotropical migrants that stop over or
overwinter in these habitats. A study of the status of North American bird species concluded a net loss
of 3 billion birds during the last 50 years, including 419 migratory species and significant losses in forest
biomes (Rosenberg et al. 2019).
In assessments of priority sites for the conservation of bird species diversity, tropical islands are
among the highest ranked geographical areas (Buchanan et al. 2011). The Caribbean islands are
underrepresented in ornithological research (Devenish-Nelson et al. 2019), despite being areas of high
conservation value (Brooks et al. 2002). The island of Hispaniola, containing Haiti and the Dominican

1

Republic, is used by more bird species than any other island in the Caribbean, with the exception of
Cuba. The Sierra de Bahoruco Mountain region, located in the southwestern part of the country, is
home to many endemic species (Latta 2005), including species listed vulnerable to extinction or
endangered on the IUCN Red List (IUCN 2022). Deforestation from land conversion for agriculture is an
ongoing concern for biodiversity in the Dominican Republic. Global Forest Watch found that from 20002019 there was a loss of 300,000 hectares of tree cover in the Dominican Republic, with the majority of
forest loss stemming from shifts to agriculture (Global Forest Watch 2021).
Resident nesting birds in tropical ecosystems, including species that are endemic to specific
locations, are thought to be the most vulnerable to habitat disturbance, especially those considered
forest-dependent (Newbold et al. 2013). Impacts of land conversion on avian communities also extend
beyond the region given the habitat use of overwintering and passage migrants on the island.
Neotropical migrants are similarly lacking data on their wintering grounds, although a few studies in the
Dominican Republic have shown that the island provides important overwintering and stopover habitats
(Latta et al. 2003, Latta & Brown 1999, Wunderle & Latta 1998).
Although avian species diversity is generally greater in tropical dry forest habitats than
agricultural lands (MacGregor-Fors & Schondube 2011), certain species may be better able to use
converted agricultural landscapes based on their ecological and life-history traits (Newbold et al. 2013,
Regos et al. 2018), such as diet, body size, and foraging height (Bain et al. 2020). Migrants in particular
may be better adapted to use modified landscapes than resident species because of less strict
requirements on non-breeding grounds (Bender et al. 1998, Hutto 1980, Newbold et al. 2013, Villaseñor
& Hutto 1995). In general, bird species diversity increases with vegetational height diversity and
structural complexity (MacArthur & MacArthur 1961), which we predict is more characteristic of native
forest ecosystems than single species agricultural systems, such as large-scale avocado farming (Alteri
1999). Understanding associations between bird species and various types of land cover can provide
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important conservation implications for land management in the Bahoruco Mountain region of the
Dominican Republic.
The bulk of agricultural comparison studies in the tropics have studied bird use of coffee
plantations, and secondarily cacao. These studies have aimed to understand how birds use agricultural
lands in comparison to native forest habitats in many Neotropical environments (Greenberg et al.
1997a, Greenberg et al. 1997b, Johnson 2001, Johnson et al. 2006, MacGregor-Fors & Schondube 2011,
MacGregor-Fors et al. 2018, Tejeda-Cruz & Sutherland 2004, Van Bael et al. 2007, Wunderle & Waide
1993, Wunderle & Latta 1996). Research in the Dominican Republic and elsewhere has shown that
shade coffee plantations with significant overstory canopy are more extensively used as foraging habitat
for resident and migrant birds compared with full sun growing practices (Perfecto et al. 1996, Wanderle
& Latta 1998), and this may be explained by the former’s similarity to a more complex forest-like
structure (Arendt et al. 2020). Douglas et al. (2013), however, proposed that it is the number of native
trees in agricultural lands that more greatly impact forest bird presence than canopy cover. Other
studies have concluded that even shade-grown coffee may not be suitable habitat for truly forestdependent species (Greenberg et al. 1997a) or species sensitive to disturbance (Tejeda-Cruz &
Sutherland 2004). More than fifty percent of the world’s tropical forests have already been modified by
human use (Laurance et al. 2014), and forest conversion to agricultural lands is expected continue to
increase (Dobrovolski et al. 2011). It is not enough to think only of certain croplands as habitats for
displaced wildlife, and it is important that other major crop exports are being studied in relation to
wildlife habitat needs.
Avocados are the fastest growing tropical fruit export, and production is expected to triple from
2010 to 2030 (OECD-FAO 2021). With a steady increase in avocado production in the country, the
Dominican Republic is now the second largest avocado exporter worldwide (FAOSTAT 2021), and midelevation, dry forest foothills of the Sierra de Bahoruco are being chosen as ideal sites for avocado
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growing. Like coffee and cacao, avocados are tree crops that can naturally form a complex vegetation
structure that may be sufficient habitat for some avian species. Data are particularly lacking for resident
and migrant bird use of avocado farms, and no previous literature was found researching birds on
avocado farms. The Sierra de Bahoruco region of the island is also the site of the highest number of
resident breeding birds and endemics (Latta 2005). As has been researched with other agricultural
crops, it is important to understand utilization of avocado farms by birds, including endemic and
Neotropical migrant species.
To investigate the potential impact of avocado farming on tropical bird communities, we
compared vegetation characteristics and measures of bird species diversity of avocado farms and intact
native forests. Specifically, we compared bird species richness, relative abundance, and overall diversity
in agriculture lands and intact forest to elucidate the potential impacts of land conversion to avocado
farming on avian communities that reside or overwinter in the Dominican Republic. It is expected that
these metrics will be greater in forest sites, but there is much to learn about avocado farms as potential
habitat for displaced birds, and how vegetation structure within each farm may impact avian use. We
aimed to understand disturbance implications for each encountered species to categorize bird species
into forest-dependent or generalist to provide vulnerability information for avian conservation in the
Dominican Republic.
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II. METHODS

Research Sites
The study area is located near the town of Puerto Escondido, Provincia Independéncia, in the
foothills of the Sierra de Bahoruco mountains. Natural forests in this area are considered subtropical dry
forests (Knudson et al. 1988), with site elevations ranging from 421-522 m. Dominant vegetation in this
region includes larger trees such as Baitoa (Phyllostylon brasiliensis), Candelón (Acacia scleroxyla), and
Guayacán (Guaiacum officinale), and understory shrubs such as Escobón (Eugenia monticola) and
Grenadilla (Eugenia ligustrina). The town of Puerto Escondido is situated near multiple limestone water
outlets, providing water for community needs and agricultural irrigation.
We identified four study sites within the area: two forest sites and two avocado farm sites. We
chose two forest sites that are adjacent to avocado farms in native dry forest (Figure 1.1). Rabo de Gato
is a well-known birding trail with riparian and dry forest segments, and the dry forest near the second
half of the trail chosen as one of the two main forest sites. The other forest site is located in Reserva
Loma de Charco Azul, a federally protected 17,400-ha dry forest reserve, known for being the main
habitat of the endemic Bay-breasted Cuckoo. Avocado farms of two sizes were chosen for the study site
to reflect the variety of such farms in the region, including potential differences in the vegetation (i.e.,
cover, height, diversity, etc.) Specifically, we included one site with relatively small community parcelas,
community land near town that is divided into adjacent plots with a single owner where one main crop
is grown, and one larger organic commercial farm characterized by groves of mostly Hass and Carla
avocados. Both avocado sites were adjacent native forest in order to control for differences in climate,
topography, and proximity to urban development.
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We identified survey points using a grid system where all points are at least 150m apart to
reduce the possibility of double-counting individual birds. We also ensured that all points were greater
than 25m away from the boundary of the site so that only species within the site were detected during
surveying. Size, elevation, and number points for each site are listed in Table 1.1.

Figure 1.1 Map of the surveyed sites and towns near the survey area. Surveyed sites include La Placa,
Rabo de Gato, Small Farms, and Big Farm. The Big Farm location is not disclosed due to a
privacy agreement
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Table 1.1 Site names and locations of four sites surveyed for bird and vegetation data OctoberDecember, 2021. At each location, 20-29 points were identified for surveying within the
boundaries of the habitat type. La Placa is the only site located within a federally protected
reserve. An agreement was made to keep location information about the Big Farm site private

Habitat Characterization
For canopy cover, canopy height, and vegetation thickness, we took measurements at five
subpoints within the 25 m radius point count circle. Subpoints consisted of one center point and one
point in each cardinal direction 25m from the center (Van Bael et al. 2007). We averaged the five
subpoints for each sampling point to find an overall average canopy cover, canopy height, and
vegetation thickness at each point. We estimated canopy cover using a tube densiometer at each
subpoint. To find upper canopy height, we used a digital rangefinder to measure the highest foliage at
each subpoint. Lower canopy height was measured using the same methods. We calculated vegetation
thickness by subtracting lower height from upper height.
We recorded the tallest tree height found in the 25m-radius plot as determined with the
rangefinder. Ground cover was estimated visually and broken down into percentages of woody,
herbaceous, and grass cover (to the percentage if <5%, then to the closest 5% if >5%). Ground cover
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percentages in each cover types were added up for total ground cover for each point. To assess the
composition and diversity of vegetation in each study site, we recorded the dominant five tree or shrub
species in each 25 m radius point and we estimated the percent cover of these each species by walking
the entirety of the point and observing coverage of each species (as described in McClaren et al. 2019).
We included all individual plants >1 m tall in these diversity assessments.

Bird Surveys
We used point count surveys to assess overall, endemic, and migrant bird communities in the
study sites. These point count methods are standardized and have been similarly conducted in tropical
landscapes (Greenberg et al. 2000, Kennedy et al. 2010, Latta et al. 2003, Marsden et al. 2001,
Wunderle & Waide 1993, Wunderle & Latta 1996). The point count surveys took place from October to
December to account for overwintering migrant species. We conducted point count surveys at the same
102 points where we also studied vegetation characteristics (Table 1.1). We began surveying at sunrise
and ended no later than four hours after sunrise, when birds are most active and likely to be detected.
We recorded all birds seen and/or heard within 25 m of the point for a 10-minute period. Smaller point
count areas ensured that we were recording bird species within the habitat type we were surveying,
which was especially critical in smaller avocado farms. We visited each point three times during the field
season, and alternated between forest and farm point counts on consecutive days to account for
differences due to the effects of weather or other short-term temporal events. We averaged bird
individuals and species richness for all three site visits to get one individual and one richness average per
point surveyed. Birds that flushed upon arrival were included in the point count, but birds flying over
without stopping in the site were not. Survey specifics, including the distance that birds were identified
from sampling points, method of detection, weather variables, and ambient noise are provided in a
Supplementary Data file.
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To understand the effects of site type and vegetation characteristics on overall bird
communities, as well as on specific bird groups, that may be more or less vulnerable to habitat
modification, we examined bird data for all observed birds, then separately for endemic birds (those
found only on the island of Hispaniola) and Neotropical migrant birds (those that breed North of and
winter South of the Tropic of Cancer).

Data Analysis
To further characterize the vegetation and bird communities in each site, we calculated plant
species frequency using the collected species composition data of the five most dominant plants at each
point. We described frequency as the percentage of the total sampling points in each site in which each
species was observed. We performed the same calculations for bird species frequency using bird species
recorded during the three point count visits to each site in which all species seen and/or heard were
recorded.
To calculate bird diversity we used the Shannon Diversity Index, then averaged the diversity
scores of the three visits to get one average diversity score per point. We used a one-way analysis of
variance (ANOVA) in SPSS (Version 26, IBM Corp., Armonk, New York, USA) to test for the main effects of
site on measured vegetation and bird community characteristics. Differences in mean values were
considered significant if p ≤ .05.
To examine association between vegetation characteristics and bird community measures, we
performed linear regression analyses in SPSS. We also performed linear regression tests on mean
vegetation characteristics and endemic bird measures as well as on migrant bird measures to test for
correlation between vegetation structure and community measures of these two particular bird groups.
Linear regressions were considered significant if p ≤ .05.
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III. RESULTS

Comparison of Vegetation Characteristics Between Sites
The forest and farm sites differed significantly in all measured vegetation characteristics (Figure
2). However, there were no differences in vegetation characteristics between the two forest sites or
between the two farm sites (Figure 1.2). Mean canopy cover of sites ranged from 47-73% and was
significantly greater in forest sites than in farm sites (F3,99=15.343; p ≤ .0001, Figure 1.2a). Specifically,
the canopy cover of La Placa and Rabo de Gato was 87% and 73% greater than that of the small farm (p
= <.001, for both) and 61% and 48% greater than that of the big farm (p = <.001, for both). Mean upper
canopy height observed at sampling points within the sites ranged from ~4-7 m and also was
significantly greater in forests than in farms (F3,99=36.476; p ≤ .0001; Figure 1.2b). This variable was 62%
and 73% greater in La Placa and 50% and 61% greater in Rabo de Gato than in the big farm (p = <.001,
for both) and small farm (p = <.001, for both).
Vegetation thickness ranged from 3.3-6.2 m and was also significantly larger in forest sites than
in farm sites (F3,99=34.418; p ≤.0001, Figure 1.2c). The forest sites, La Placa and Rabo de Gato, had mean
vegetation thickness that was 84% and 70% greater than at the small farm site (p = <.001, for both), and
68% and 55% greater than the big farm site (p = <.001, for both). Mean ground cover ranged from 7.655.5%. Compared to forest sites, farm sites had significantly higher percentages of ground cover
(F3,99=29.088; p ≤.0001). Specifically, ground cover was 7.3 and 3.7-fold higher in the big farm compared
to La Placa and Rabo de Gato (p = <.001, for both), and 3.7 and 1.9-fold higher in the small farm (p =
<.001, for both). The dominant woody plant species in farms comprised 93-95% of the total species,
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while the dominant woody plant species in forests comprised 36-37% dominant of the total species
(Figure 1.2d).

Figure 1.2 Comparison of vegetation characteristics at each site, including average canopy cover (A),
average upper canopy height (B), average vegetation thickness (C), and average dominance of
most dominant plant species (D)

Comparison of Bird Community Measures Between Sites
Overall bird community measures were not distinct between forest and farm site types. The
mean number of individual birds observed per point ranged from 8.6-10.1, and no significant difference
was found between sites (F3,99=1.632; p =.187, Table 1.2, Figure 1.3). For species richness, the mean
number of species per point ranged from 5.48-7.03, and only the small farm site showed significantly
different species richness (F3,99=4.827; p = .004, Table 1.2, Figure 1.3B). The big farm, La Placa, and Rabo
de Gato represented 24%, 28%, and 21% greater species richness than the small farm (p =.003, p≤.001, p
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=.01, respectively). The mean species diversity at the sampled points ranged from 1.51-1.82, and, again,
only the small farm site showed significantly different species diversity (F3,99=7.677; p = .00001, Table
1.2, Figure 1.3C). Species diversity was 14%, 21%, and 18% greater at the big farm, La Placa, and Rabo de
Gato than the small farm (p =.004, p ≤.001, p ≤.001, respectively).
When looking at migrant birds exclusively, the mean number of individual migrant birds per
point ranged from 0.92-2.7, and the small farm site had a significantly lower number individual migrants
than all the other sites (F3,99=10.077; p ≤.0001, Table 1.2, Figure 1.4A). The big farm, La Placa, and Rabo
de Gato had 2.3, 3.0, 2.3-fold greater number of individual migrant birds than the small farm (p <.001 for
all). There was also a significant difference in number of individual migrant birds between La Placa and
the big farm, where La Placa had a 30% greater number individual migrants observed per point than the
big farm (p =.035). Mean species richness observed at each point ranged from .072-1.98. The small farm
showed significantly less migrant species richness than the other three sites (F3,99=11.61; p ≤.0001, Table
1.2, Figure 1.4B). Mean species richness per sampled point was 2.2, 2.8, and 2.3-fold greater at big farm,
La Placa, and Rabo de Gato than the small farm (p <.001 for all). La Placa also had a significantly greater
migrant species richness (26% greater) than the big farm site (p =.037). Similarly for migrant species
diversity per point, the small farm showed significantly less diversity than the other sites (F3,99=7.972; p
≤.0001, Table 1.2, Figure 1.4C). The scores for migrant species diversity ranged from 0.17-0.58, where
the big farm, La Placa, and Rabo de Gato showed 2.5, 3.4, and 2.5-fold greater migrant species diversity
than the small farm (p =.003, p <.001, p =.004, respectively). Again, there was also a significant
difference between migrant species diversity in La Placa and the big farm site (p =.049).
Forest and farm sites differed significantly in all endemic bird measures, however there were no
differences in endemic bird measures between the two forest sites or between the two farm sites (Table
1.2, Figure 1.5). The mean number of endemic individuals observed per point ranged from 1.74-4.33 and
was significantly greater in forest sites than farm sites (F3,99=36.671; p ≤.0001, Table 1.2, Figure 1.5A). La
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Placa and Rabo de Gato represented 2.5-fold and 2.3-fold greater number of individual endemics than
the big farm the small farm (p <.001 for both). The mean endemic species richness at each sampling
point ranged from 1.16-3.12, and again, we observed significantly higher endemic species diversity in
the forest sites compared to the farm sites (F3,99=52.313; p ≤.0001, Table 1.2, Figure 1.5B). There was
2.4-fold and 2.3-fold greater endemic species richness at La Placa and Rabo de Gato than the big farm (p
<.001 for both), and 2.7-fold and 2.5-fold greater endemic species richness than the small farm (p <.001
for both). Finally, mean endemic species diversity scores per point ranged from 0.26-0.99. The forest
sites had significantly greater endemic species diversity than the farm sites (F3,99=57.493; p ≤.0001, Table
1.2, Figure 1.5C). The mean endemic species diversity score was 3.7-fold and 3.4-fold greater at La Placa
and Rabo de Gato than the big farm (p <.001), and 3.8-fold and 3.5-fold greater than the small farm (p
<.001).
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Table 1.2 T-test results for bird measurement variables at each site. If p ≤.05, we included the multiple
comparisons p-values for sites
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Figure 1.3 Comparison of mean overall bird measures at each site, including overall individual birds (A),
species richness (B), and species diversity (C). Bars with the same letter are not significantly
different
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Figure 1.4 Comparison of mean Neoptropical migrant bird measures at each site, including migrant individual
birds (A), migrant species richness (B), and migrant species diversity (C)
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Figure 1.5 Comparison of mean endemic bird measures at each site, including endemic individual birds (A),
endemic species richness (B), and endemic species diversity (C)

Frequencies of Plant and Bird Species at Sites
More woody plant species comprised the dominant vegetation in the two forest sites (25
species in La Placa and 21 species in Rabo de Gato) than the farms (8 species in the big farm and 9
species in the small farm; Figure 1.6). There was also more species evenness exhibited by dominant
plant species in the forest sites than in the farm sites (Figure 1.6). Specifically, in both forest sites, seven
plant species were observed at ≥25% of the sampling points, while two or three species occur at ≥25% of
the sampling points in the farm sites.
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Although number of bird species was similar in all sites (38 species in La Placa, Rabo de Gato,
and big farm, and 36 species in the small farm), bird species frequency was most evenly distributed in
the forest sites than in the farm sites (Figure 1.7). Of the 20 most frequently observed bird species at
each site, Rabo de Gato and La Placa were characterized by a greater number of locally and regionally
endemic bird species (13 species in La Placa and 13 species in Rabo de Gato) than the two farm sites (7
species in the big farm and 7 species in the small farm; Figure 1.7). Neotropical migrant frequency was
more evenly distributed among the 20 most frequently observed species at the four sites, but the forest
sites still represented a greater number of migrant species (7 species in La Placa, 7 species in Rabo de
Gato) compared to farm sites (6 species in big farm and 4 species in small farm; Figure 1.7).
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Figure 1.6 Frequencies of dominant plant species at each site. Full common names and scientific names
provided in Table 1.3
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Figure 1.7 Frequencies of the top 20 most frequently observed bird species at each site. Colors group
birds into resident, endemic, regionally endemic, and migrant categories. Full common names
and scientific names provided in Table 1.4
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Table 1.3 List of species codes, local common names (in Puerto Escondido, Dominican Republic) and
scientific names for each dominant plant species
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Table 1.4 List of bird species codes, English common name, and scientific name of the top 20 most
frequently observed birds at each site
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Correlation of Vegetation Characteristics and Bird Community Measures
There was no significant association of overall bird species individuals, richness, and diversity
with any measured vegetation characteristics (Table 1.5). Similarly, the number of individuals, species
richness, and species diversity of migrant bird species also were not associated significantly with any
measure vegetation characteristics (Table 1.5). In contrast, all measured vegetation characteristics (i.e.,
canopy cover, canopy height, vegetation thickness, species dominance) were significantly associated
with the number of individuals, species richness, and species diversity of endemic bird species (Table
1.5).
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Table 1.5 Regression scores for vegetation characteristic variables corresponding to bird community
variables
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IV. DISCUSSION

Bird Utilization of Forests vs. Farms
Overall bird abundance, species richness, and diversity may be similar for both forest and farm
sites, but they are not supporting the same kinds of birds. Avocado farms do provide habitat for
resident, migrant, and endemic birds, but the birds with the highest frequencies in the farms are
represented by resident birds that are considered common in the Caribbean, such as Yellow-faced
Grassquits, Northern Mockingbirds, Gray Kingbirds, and Smooth-billed Anis. These species commonly
seen in the avocado farms are not species usually observed in the forest, but are associated with open
landscapes, such as grasslands and disturbed habitats (Latta et al. 2006). Environmental heterogeneity
can lead to a greater number habitat niches, and therefore higher species richness and diversity (Lack
1969, Stein 2014, Tews et al. 2004). Forest disturbance due to environmental events or human
modification may increase environmental heterogeneity and, therefore, bird diversity (Greenberg and
Lanham 2001, Sitters et al. 2016). As agricultural lands create resource patchiness, we can conclude that
overall bird diversity in avocado farm sites may be due to an increase in niche availability, as compared
to non-patchy, consistent forest habitats.
Our finding that neotropical migrants are utilizing farms habitats, especially larger farms, but
less so than forest sites like La Placa, supports earlier research describing migrants’ abilities to utilize
disturbed habitats while they are on non-breeding grounds (Bender et al. 1998, Hutto 1980, Newbold et
al. 2013, Villaseñor & Hutto 1995). However, the smaller farm site did not support as much migrant
abundance, richness, or diversity as the larger farm or the forest sites. This suggests that factors other
than vegetation influence migrant habitat choice, such as food availability (Johnson & Sherry 2001,
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Martin & Karr 1986), matrix complexity (Conway et al. 1995), or behaviors such as site fidelity (Johnson
& Sherry 2001). Foundational conservation theory that smaller, fragmented habitats will have lower
species richness and diversity (MacArthur & Wilson 1967), is conclusive with our observations of
migrants in the smaller avocado farms. Although the big farm did support migrant species similarly to
Rabo de Gato, La Placa was the site with greatest migrant measures. This may be because La Placa, as a
federally protected reserve, has less human disturbance than all the other sites, which improves its
habitat quality (Manenti et al. 2020). Understanding migrant habitat-choice factors will be critical for
preserving overwintering migrant habitats.
In contrast, the limited utilization of both large and small farm sites by endemic bird species
suggests that forest sites provide better habitat for endemic bird species in this region. Because endemic
species evolved in and occupy narrow geographical ranges, they are more likely to be dependent on
specific habitats (Harris & Pimm 2004). For example in Hispaniola, the Bay-Breasted Cuckoo, observed
only at La Placa, inhabits exclusively low to mid-elevation forest in the transitional zone between dry
and broadleaf forest (Latta et al. 2006). Another endemic, the Hispaniolan Emerald, relies on high
elevation moist habitat where it makes its nests from wet forest mosses and lichen (Latta et al. 2006).
We can conclude that many endemic species in the Bahoruco region are less able to adapt to or utilize
human-modified landscapes, such as agricultural farms, unlike generalist overwintering migrants and
resident birds with broader niches. Concerningly, species such as endemics, with narrow geographic
ranges and specific habitat requirements, are unsurprisingly especially vulnerable to extinction (Isik
2011).
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Vegetation Structure and Bird Habitats
Differences in vegetation between avocado farms and native forests, but not between the two
sites of each of these habitat types, suggest that changes in vegetation associated with agriculture affect
endemic bird species, but not migratory species or overall bird diversity in the region. Previous research
on bird use of varying successional forest stages in Mexico (Smith et al. 2006), and vegetation structure
of selected habitats of short-distance wintering migrants in the Southern United States (McClure et al.
2012), also found that vegetation did not affect habitat quality for migrant and resident birds. With
respect to vegetation structure, in particular, these findings contradict classic ecological models that link
vegetation structure to bird diversity (MacArthur & MacArthur 1961). The lack of association between
vegetation characteristics and bird diversity measures we found may be due to the high number of
generalist species observed in these habitats, including many resident generalists and overwintering
migrants that have fewer habitat restrictions on non-breeding grounds (Bender et al. 1998, Hutto 1980,
Newbold et al. 2013, Villaseñor &Hutto 1995). Although we did not find significant differences in
vegetation structure between small and big avocado farm sites, there was less migrant species richness
and diversity at the small farm site than all other sites. Specifically, the Prairie Warbler, the only migrant
observed with a listed decreasing population, was never observed in the small farm site. Similarly, the
Ovenbird was observed in over half of the sampling points in the big farm and forests, but was observed
only once in the small farm site.
In contrast to migrant species, the association that we found between all measured vegetation
parameters and bird diversity metrics for endemic species suggest that their utilization of habitat in the
region is strongly influenced by vegetation upper canopy height, canopy cover, vegetation thickness,
and plant species dominance. Many endemics we observed, such as both Tody species, were found
almost exclusively in the forests. Although overall endemic species richness and diversity was greatest in
forests, some endemic species seemed to be more generalist than others in their habitat preferences.
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For example, both Hispaniolan Woodpeckers and Hispaniolan Lizard-cuckoos, which are considered
common throughout the island (Latta et al. 2006), were found frequently in both forest and farm sites.
One disparity in the general preference of endemic species for forests was the White-necked Crow,
which has a limited geographical range and is listed as vulnerable to extinction. This species of concern
(IUCN 2022) was observed more frequently in the small farm than in any of the other sites, although not
in the avocado trees, but in larger trees in that site. This observation suggests that shade trees within
farmlands could improve habitat quality for birds in agricultural landscapes.

Conservation Implications
The conversion of forests to agriculture associated with avocado production in the region, while
not necessarily impactful to bird species overall, could have a negative impact on endemic species.
Caribbean islands are hotspots of endemism and, therefore, can be considered areas of high
conservation priority (Buchanan et al. 2011). The island of Hispaniola is home to 31 endemic bird species
and 50 endemic subspecies (Latta et al. 2006). Data from the IUCN RedList (IUCN 2022) show that many
of the endemic species on Hispaniola are lacking critical information about habitat requirements and
population numbers, so their conservation status is not fully known. Further, many of the endemic bird
species observed during this study have been reported to rely on forest-type habitats, which increases
their vulnerability to habitat modification involving deforestation (Greenberg et al. 1997a). Endemic bird
species including the Green-tailed Warbler, Narrow-billed Tody, Hispaniolan Parrot, and Flat-billed Vireo
were observed only once or not at all in the farm sites, leading us to believe that these species are
especially forest-dependent. The Bay-breasted Cuckoo was only ever observed at La Placa, showing us
the particularly specific habitat needs of this species. To further emphasize the importance of dry forest
habitats, species of concern such as the Broad-billed Today, Narrow-billed Tody, Flat-billed Vireo, Greentailed Warbler, and Antillean Piculet are all considered to have decreasing or data deficient populations
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(IUCN 2022), and were all found in higher frequencies in the forest sites, and the Hispaniolan Parrot,
considered vulnerable to extinction, was found only frequently in La Placa.
When evaluating the habitat value of agricultural lands, it is important to consider that farms
may differ significantly from each other, as we found in the big and small avocado farms. Specifically, we
observed that neotropical migrant species are less influenced by vegetation characteristics than
endemic bird species, but are influenced by additional habitat selection factors leading to fewer
observations of individuals and species in the smaller farm site. Individual parcelas within the overall
small farm site grow a variety of crops, which could increase patchiness of the avocado habitats.
Arboreal croplands, such as avocado, coffee, and cacao, are known to have higher diversity than nonarboreal croplands (Estrada & Coates-Estrada 1997), and therefore, crop type variation between
parcelas leads to smaller arboreal farm patches within the larger site, and may account for decreased
bird diversity. Our research was conducted surveys within the avocado farms only, but this did not take
into account patch size within the overall site, which may be an important factor to consider in future
research within farm landscapes. We also observed the trend in the small farm parcelas that endemics
such as Hispaniolan Orioles, White-necked Crows, and Plain Pigeons, as well as many migrant warblers,
were more likely to be found in the larger trees on the farm, such as palm trees, mango trees, or nonpruned large local hybrid avocado trees. This same trend was not observed in the big farm site because
there were very few trees of other species in the site, unlike the smaller farms that had more crop
diversity and sometimes contained relic fruit trees. The differences we observed in bird species richness
and diversity between the small and large farm sites points to the importance of individual farm
practices.
As agricultural lands will continue to expand in tropical forests (FAO 2009), and particularly in
areas of high conservation values such as endemic hotspots (Scharlemann et al. 2004), the question of
how we can best integrate agriculture with species conservation remains. There are various methods of
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farm landscape planning that can increase habitat quality for bird species such as live fences (Harvey et
al. 2005), preserving relic shade trees, including crop trees (Carlo et al. 2004, Wunderle & Latta 1996),
preserving native trees (Douglas et al. 2013), and retaining habitat patches within agricultural
landscapes (Estrada-Carmona et al. 2019). Research suggests that many tropical bird species are able to
move freely between forest and agricultural lands to benefit from seasonal resources (Estrada & CoatesEstrada 1997). It should also be noted that because our farm sites were adjacent to native forest, we are
likely not able to fully assess the habitat quality of farm lands that are isolated from native forest
(Moguel &Toledo 1999), which may be represented by different or fewer bird species. We believe that
further research of bird utilization of farms at different distances from intact forest could be valuable to
better understand movement patterns and farmland habitat quality. While ‘bird-friendly’ farming
practices such as those previously mentioned may enhance habitat quality, it is still unknown whether
these practices would be sufficient to improve habitat quality for forest-specialists, such as many of
Hispaniola’s endemic birds. Although avocado farms did provide habitat for a few endemic species,
these lands were not used frequently by the majority of endemics observed in the region. Protection of
native dry forest will be essential for the health of populations of endemic birds in the region, such as
federally protected reserves like Reserva Loma Charco Azul (La Placa).
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